Summary. Subcutaneous injection of nicotine (0\m=.\5 or 5 mg/kg body wt) resulted in a marked and prolonged reduction in uterine blood flow and intrauterine oxygen tension in pseudopregnant rats. By 10 min after nicotine administration (5 mg/kg) uterine perfusion was reduced by 40%, remained suppressed for 90 min and returned to the pre-treatment level by 120 min. Rats receiving the 0\m=.\5mg nicotine/kg also showed a marked reduction in uterine blood flow, although the response was slower in onset and longer in duration. Nicotine (5 mg/kg) also resulted in a sustained decrease in intrauterine oxygen tension from a control value of 48\m=.\9\ m=+-\3\m=.\6 to 22\m=.\2\m=+-\2\m=.\6 mmHg at 45\p=n-\60min and 21\m=.\7\m=+-\1\m=.\5 mmHg at 60\p=n-\90min. The frequency and amplitude of fluctuations in intrauterine oxygen tension were still reduced by 90 min after treatment.
Introduction
Cigarette smoking during pregnancy increases the incidence of abortion, developmental anomalies and small-for-date infants (Hollinshead, 1979) . Similarly, in rats, protracted administration of nicotine, an alkaloid of cigarette smoke, causes increased fetal wastage (Hudson & Timiras, 1972) and small-for-date young (Becker, Little & King, 1968) . In addition, injection of the alkaloid during the initial 5 days of pregnancy delays blastocyst implantation (Card & Mitchell, 1979) and retards embryo growth (Hammer & Mitchell, 1979;  Yoshinaga, Rice, Krenn & Pilot, 1979) . The nicotine-induced suppression of embryo growth is associated with ovarian steroid hormone imbalance (Yoshinaga et ai, 1979) and a marked and protracted reduction in reproductive tract blood flow (Hammer, Mitchell & Goldman, 1981) . Since normal conceptus development requires optimal levels of oxygen, the impaired embryo growth observed in nicotine-treated animals may result, in part, from decreased oxygen availability within the reproductive tract. The following study was undertaken to determine whether the nicotineinduced reduction in uterine blood flow concomitantly decreases the concentration of oxygen within the uterine lumen. (Janson & Albrecht, 1975) . Nutritive blood flow, defined as the exchangeable portion of total blood flow, was expressed as ml/min/g tissue.
Materials and Methods Animals

Measurement of intrauterine oxygen tension
Intrauterine oxygen tension (Po2) was measured in vivo with an oxygen microelectrode as previously described (Garrís & Mitchell, 1979 Administration of the lower dose of nicotine markedly reduced uterine blood flow without affecting cardiac output (Table 1 ). In addition, the uterine response was slower in onset and longer in duration than that induced by the 5 mg dose; uterine blood flow was still suppressed at 120 min. There were no changes in blood flow in the other organs tested except at 120 min when there was an increased flow in the anterior pituitary and adrenal glands.
Effects of nicotine on intrauterine oxygen tension
Nicotine administration resulted in a prompt and sustained decrease in intrauterine Po2 (Table 2) . Nicotine also caused marked differences in frequency and amplitude of the rhythmic moment-to-moment changes in Po2 (Table 2) . 
Discussion
The results of this study indicate that nicotine, in amounts sufficient to suppress embryonic growth, reduces uterine blood flow and produces a marked and sustained decrease in oxygen tension within the uterine lumen. The time-course of the reduction in intrauterine oxygen availability parallels that of the nicotine-induced decrease in uterine blood flow. The close temporal relationship existing between uterine haemodynamics and oxygen tension within the uterine lumen is consistent with observations demonstrating the importance of uterine vascular state among the diverse determinants of luminal Po2 (Mitchell & Yochim, 1968a, b) . The reduction in intraluminal oxygen tension from 49 to 22 mmHg was sufficient to produce a relatively hypoxic environment within the uterus. In view of the importance of oxidative metabolism in normal embryo development (Brinster, 1972) , the intrauterine hypoxia accompanying the reduction of uterine blood flow probably plays a major role in the suppression of embryo growth by the alkaloid. The importance of oxygen for normal embryo growth has been demonstrated both in vivo and in vitro. Before the blastocyst attaches to the uterine wall, it relies on diffusion to acquire oxygen and other metabolic substrates. As cell division proceeds, the oxidative metabolic needs of the conceptus increase (Brinster, 1973) and are met by an elevation in intrauterine oxygen tension (Yochim & Mitchell, 1968) . Reducing oxygen availability at the time of implantation by administering vasoconstrictive drugs (Crist & Hulka, 1970; Hammer, 1980; Hammer & Mitchell, 1980) , occluding uterine arteries (Franklin & Brent, 1964) or exposing pregnant animals to an hypobaric atmosphere (Blackburn & Clegg, 1979) impairs embryo development and/or terminates pregnancy. Similarly, blastocyst attachment and conceptus growth in vitro require optimal concentrations of oxygen (Glenister, 1963) . Furthermore, the rapidity with which transtrophoblast potential changes consequent to decreased oxygen concentration reveals the blastocyst to be keenly sensitive to Po2 (Cross & Brinster, 1970) . It is therefore possible that during early development the conceptus is particularly vulnerable to transient episodes of intrauterine hypoxia resulting from nicotine-induced reduction of uterine blood flow.
Alternatively, the decrease in cell division observed in conceptuses retrieved from the uteri of nicotine-treated rats (Card & Mitchell, 1979; Hammer & Mitchell, 1979) may not result primarily from decreased uterine blood flow but rather from ovarian steroid hormone imbalance (Yoshinaga et al., 1979) and/or direct action of the alkaloid on the conceptus (Fabro & Sieber, 1969 (Blake, Scaramuzzi, Norman, Kanematsu & Sawyer, 1972; Yoshinaga et ai, 1979) , and changes in the uterine environment brought about by ovarian steroids occur relatively slowly (Yochim, 1975) .
How nicotine reduces uterine blood flow in rats is unknown, but in ewes it does so indirectly via systemic release of norepinephrine (Resnik, Brink & Wilkes, 1979) . It is likely that the alkaloid alters uterine vasodynamics in the rat in a similar fashion. The uterus of the rat receives adrenergic innervation (Adham & Schenk, 1969) ; topical application of epinephrine to the uterus produces vascular constriction and a precipitous decline in intrauterine Po2 (Mitchell & Yochim, 1968a) , and injection of norepinephrine during early pregnancy prevents, presumably via uterine ischaemia, implantation (Crist & Hulka, 1970) . The dramatic effect of the alkaloid on the frequency and amplitude of change in intrauterine oxygen tension indicates altered vascular activity. Such moment-to-moment changes in luminal Po2 result from alternate constriction and dilatation of the uterine arterioles regulating blood flow to the endometrium (Mitchell & Yochim, 1968a) . Thus, the protracted loss of amplitude following nicotine administration indicates sustained vascular constriction and is consistent with the observed reduction in uterine blood flow and luminal Po2.
The doses of nicotine employed in the present experiments exceed those encountered during cigarette smoking (Armitage et ai, 1975; Russell, Wilson, Patel, Feyerabend & Cole, 1975) . However, since one-tenth the dose of nicotine (0-5 mg/kg body wt) also reduces uterine blood flow, the alkaloid probably has growth-suppressing effects on conceptus development at lower doses than previously demonstrated (Hammer & Mitchell, 1979) . In spite of differences in dosage, route of administration and species, the results may be relevant to smoking-related changes in human fetal development. Even the small amount of nicotine inhaled during cigarette smoking is sufficient to evoke fetal hypoxia (Manning & Feyerabend, 1976) . Such transitory impairment of fetal well-being presumably arises from nicotine-induced release of catecholamines (Quigley, Sheehan, Wilkes & Yew, 1979) to which the human uterine vasculature is extremely responsive (Anderson, Still & Griess, 1977) . The results of the present study raise the possibility that, as in the rat, nicotine may reduce the availability of oxygen within the human uterus and influence the conceptus even before it implants.
